ABSTRACT
INTRODUCTION
During the last decade, the usage of probiotics by the human has received increasing attention as scientific evidence continues to multiply on the nutritional and therapeutic properties of probiotic bacteria on humans and animals. Probiotics are defined as "live microbial food supplements which, when administrated in adequate amounts confer a health benefit on the host" (1) . Amongst the beneficial effects of probiotics, we can list the inhibition of pathogenic organisms, reduction of blood cholesterol, prevention of colon cancer and immune system modulation (2, 3) . Researchers continue to look for new probiotic strains due to the increasing demand of probiotic food, drink and dietary supplements. This request is intimately linked to the growing number of consumers highly concerned about their health.
Most strains of Lactobacillus are classified as probiotics. As the most known lactic acid bacteria (LAB), Lactobacillus strains have been granted the Generally Recognized as Safe (GRAS) status. All of them are Gram positive, non-spore-forming, usually catalase-negative, non-motile, and facultative anaerobic unless otherwise stated. They are widespread in nature, and many species such as Lactobacillus plantarum have found applications in the food industry.
To exert their beneficial effects, probiotics strains must resist the stressful conditions of the stomach and upper intestine (4) . Then, according to the guidelines of the probiotic organisms, reported by a joint FAO/WHO working group (1) , some in vitro tests should be realized and the most important are the resistance to gastric acidity and bile compounds based on both survival and growth studies. Other functional properties used to characterize probiotics are the hypocholesterolemic and antimicrobial activities (5) . Many researchers demonstrated the role of bile salts hydrolases (BSH) of probiotics in the reduction of serum cholesterol (6) . Hence, the research of probiotics with BSH activities is also considered as an additional criterion for the selection of probiotics. The BSH enzyme catalyzes the hydrolysis of conjugated bile salts into amino acid residue and bile acid. Concerning the antimicrobial activities, the mechanism through which probiotics may antagonize pathogens involves the production of antimicrobial compounds such as lactic acid, acetic acid, hydrogen peroxide and bacteriocins (7, 8) .
The present study was carried out to assess BSH and antimicrobial activities of three probiotics Lactobacillus plantarum strains isolated from Cameroonian artisanal fermented milk.
MATERIALS AND METHODS

Bacterial strains and culture conditions
Three native Lactobacillus spp. isolated from Cameroonian artisanal fermented milk and identified in our previous work as L. plantarum(GGU, GLA51 and GLP56, having KU949009, KU949010 and KU949011 respectively as GenBank accession numbers) were used in this study. These strains were selected based on their resistance to stress acid conditions with a survival percentage higher than 78% at pH 3. Bile salt tolerance test A 16-h-old culture inoculum (1%) was added to MRS-Cys-HCl broth supplemented with oxgall (DIFCO) at a concentration of 0, 0.3, 0.5 and 1% w/v. The growth was monitored hourly by measuring the OD at 600 nm for 8 h using spectrophotometer (UNICO UV-2000 UV/Vis Spectrophotometer). The delay of growth was determined by calculating the difference between the time required to increase the OD600nm by 0.3 units for a given bile salt concentration and that needed for the control, to ascertain bile tolerance or sensitivity of the bacteria. Four groups of bacteria strains were distinguished according to the delay of growth criteria defined by Château et al. (9) : resistant strains (d≤15 min), tolerant strains (15˂d≤40 min), weakly tolerant strains (40˂d˂60 min), and sensitive strains (d≥60 min). The survival percentage of strains after 24h was determined by the total viable count. All experiments were carried out in triplicate.
Evaluation of Bile Salt Hydrolase (BSH) activity
After 16 h of incubation, 20 ml of the broth culture were centrifuged at 10,000 × g for 10 min at 4°C. The cell pellet was harvested and washed twice with 0.1 M sodium-phosphate buffer pH 7.0 twice. The cell pellet was then resuspended in the sodium-phosphate buffer containing an appropriate amount of dithiothreitol (DTT, 10 mM)to give a cell density of about 10 to 15 OD unit at 600 nm. A volume of 1,5ml of the cell suspension was submitted to an ultrasonic homogenizer for 3 min as ultrasonic 30 s, pulse duration 30 s, with a power output of 25 W (SJIA-2000W Model, Golden motor industry group, Co., Limited). After centrifugation (20,000×g, 10 min, at 4° C), the pellet was discarded, and the spent broth was saved as cell-free extracts (CFE) and stored at -20 °C for BSH assay. The concentration and purity of the protein in the cell-free extract samples was measured using the Thermo Scientific NanoDrop 2000 spectrophotometer.
BSH activity was measured by determining the amount of amino acids liberated from conjugated bile salts (Oxgall and taurodeoxycholate (TDC))by cells-free extracts of lactobacilli strains. The ninhydrin assay described by Dong et al. (10) was used for these experiments. The results were expressed as specific activity of enzyme (U/mg). One unit of BSH activity was defined as the amount of the enzyme which liberated 1 μmol of glycine from the substrate per minute. The experiments were conducted in triplicate; each value was the average of three independent trials (three assays per trial).
Screening of bsh genes involved in the hydrolytic activity of bile salts One bacterial colony of each strain was scraped from the surface of MRS agar plate using a sterile pipette tip and suspended in the PCR mixture containing 25μl of 2X Master Mix (Tsingke Biotech, China), 2 μl of each primer, and 21 μl of deionised and distilled water (ddH2O) for a final volume of 50 μl. Prior to the PCR reaction, a heating step of the mixture was carried out at 94°C for 2 min. The PCR program then consisted of 30 cycles composed of denaturation at 94°C for 1 min, annealing at 58°C for 20 s, and elongation at 72°C for 2 min. After these 30 cycles, a final extension step at 72°C for 10 min was performed. Then, 10 μl of PCR product was analysed on 1% agarose gel with GoldView TM in Tris acetate-EDTA (TAE) buffer 0.5X (pH 8.5) for 20 min at 130V, and the reading carried out by Trans UV-lighting.
Sequence analysis of the bsh gene
The purified amplicons of the bsh gene of the strains were sequenced by an automated DNA sequencer using the services of a commercial company (http://www.ruibiotech.com). The sequences were aligned with similar sequences present in the National Center for Biotechnology Information (NCBI) gene collection (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
The BLAST program from the NCBI was used for nucleotide sequence analysis and amino acid sequence deduction. Protein sequences were aligned using ClustalW software package. The nucleotide sequences were deposited in the GenBank database to obtain Accession Number.
Homology modeling of the BSH-related protein
To determine a predicted structure of the BSH related protein, our protein sequence was blasted against the protein data bank (PDB) database http://www.rcsb.org/pdb/home/home.do#Subca tegory-search_sequences).The online software, Protein Homology/analog Y Recognition Engine V 2.04 (Phyre2), was used to predict the secondary structure of the protein. The protein sequences were aligned with Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/) software and identical residues were identified by the BLAST program from the NCBI.
Antimicrobial activity
Antimicrobial activity was determined using the agar-spot test as described by Kaktcham et al. (8) . Succinctly, 2μl of each 6 h old culture was spotted onto MRS agar and incubated at 37°C for 24h. Then, 7 ml of soft MHB (0.8%) medium containing about 1 × 10 5 cfu.ml -1 of a pathogen strain was poured onto the plates. After incubation, the clear zone around each spot was recorded and was considered as positive when the inhibition halos were above 3 mm. Indicator bacteria were selected based on their involvement in gastrointestinal infections and food spoilage. 
RESULTS
Bile tolerance
The variation of the optical density after 24 hours at different bile salts concentrations is shown in Survival percentages of L. plantarum strains decreased as the concentration of Oxgall increased (Table 3) . However, for L. plantarum GGU no significant decrease was observed whatever the concentration, whereas for the strains L. plantarum GLP56 and L. plantarum GLA51 a significant decrease (p<0.05) was observed at 0.5% and 1% Oxgall respectively. At 0.5% and 1% concentrations of Oxgall, L. plantarum GGU showed the highest survival percentages (92.10 ± 1.08 and 91.84 ± 1.15 respectively); whereas in the presence of 1% Oxgall, L. plantarum GLA51 showed the lowest survival percentage (75.53 ± 3.53) compared to the others. Table 4 shows the time (min) required for L. plantarum GGU, L. plantarum GLA51 and L. plantarum GLP56 to increase the optical density by 0.3 units in the presence of different concentrations of Oxgall salts. We can observe that, in the presence of these different concentrations of Oxgall salts, the time required for each strain to increase the absorbance by 0.3 units does not change significantly. L. plantarum GGU, L. plantarum GLA51 and L. plantarum GLP56 also showed an ability to deconjugate TDC bile salts (Table 5 ). BSH activities of these strains towards TDC range from 10.47 ± 2.76 to 24.57 ± 6.31 U/mg. The significantly lowest TDC bile salts deconjugation activity (10.47 ± 2.76 U/mg) was recorded with L. plantarum GLP56. This BSH activity is exerted by Bile salts hydrolase (BSH) enzymes encoded by several genes. These genes, like many others, may be responsible for the resistance of strains to bile salts.
Screening of bsh genes involved in the hydrolytic activity of bile salts
The bsh1 gene (specific to L. plantarum species) was amplified in the DNA of L. plantarum GLA51 after PCR. The genes bshA and bshB were not amplified in the genome of all the three bacteria ( Table 6 ).
The bsh1 gene sequence of L. plantarum GLA51 was subsequently compared to the sequences available in the NCBI GenBank database through the BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi). (Fig. 3) . Table 7 ). The inhibition halos ranged from 6.1 to more than 14.0 mm.
DISCUSSION
The Oxgall bile salts solution is generally used for bile salt tolerance studies because of its similarity to human bile juice (9, 11, 12) . In the small intestine, the bile salts concentration ranges from approximately 0.2 to 2% (w/v) depending on the individual and the quality and quantity of food ingested (2, 13, 14) .
As the concentration of bile salts increases, there was a significant decrease in the absorbance of L. plantarum GGU, L. plantarum GLA51 and L. plantarum GLP56 after 24 h exposure. However, the results (1.24±0.03 -1.65±0.03) obtained with these three strains of L. plantarum are higher than those of Wang et al. (14) , who found absorbance ranging from 0.718 ± 0.014 (at 0.3% of Oxgall) to 0.034 ± 0.006 (at 1% Oxgall) for the strain Bacillus licheniformis IMAUB1002 isolated from a naturally fermented product in China. The survival percentages of L. plantarum strains decreased as the concentration of Oxgall increased. We noticed that the lowest percentage of viable Lactobacillus cells was equal to 75.63% (L. plantarum GLA51) at 1% Oxgall bile; this suggests that the survival of these three Lactobacillus strains remained remarquably high despite the concentration of bile salts. Klayraung and Okonogi(15) found that L. fermentum FTL10BR had survival percentages of 81.1 ± 2.7 (after 1 h); 81.8 ± 5.9 (after 3 h) and 85.9 ± 0.1 (after 3 h) at the bile salt concentrations of 0.3%, 0.5% and 1%, respectively. This indicates that the three L. plantarum strains used in this study showed better survival percentages thanthose of L. fermentum FTL10BR at the same concentrations of bile salts even after 24h of exposure. For probiotics, resistance to bile salts is a prerequisite for the survival and growth in the intestinal tract (16) . All the tested cultures exhibited a good growth at different concentration of Oxgall bile salts (0.3-1% w/v). Then, according to the classification of Château et al. (9) , the three Lactobacilli strains used in this study are classified as bile salts resistant strains because their delay of growth at 0.3% of Oxgall were less than 15 min. These three strains of L. plantarum showed better results than those obtained by Wang et al.(14) with the strains Bacillus licheniformisIMAUB1002, Bacillus amyloliquefaciens IMAUB1034, Bacillus subtilis IMAUB1011 and Bacillus licheniformis IMAUB1014 whose delay of growth were greater than or equal to 9.09 hours (545 minutes) making them sensitive strains.
There are different mechanisms used by probiotic bacteria to resist the harmful effect of bile. Amongst those mechanisms are the bile efflux (17, 18, 19) , counteracting H + accumulation by ATPase F0F1 pump (20) , modification of plasma membrane composition (21) (22) (23) and bile salts deconjugation through the activity of bile-salt-hydrolases (BSHs) (24) (25) (26) . The bile salts hydrolases produced by lactic acid bacteria are responsible for the deconjugation of bile salts with the formation of amino acid residues and deconjugated bile acids. The latter are excreted more rapidly from the intestinal tract than those which are conjugated. Thus, free bile acids are excreted from the body through feces and the synthesis of new bile salts from serum cholesterol as substrate leads to a reduction in the total concentration of cholesterol in the blood (27, 28) . Our results on the BSH activity showed that L. plantarum GGU, L. plantarum GLA51 and L. plantarum GLP56 exhibited BSH activity towards Oxgall and Taurodeoxycholate bile salts. The BSH activity ranged from 15.62 ± 3.00 to 23.91 ± 5.82 U/mg in the presence of Oxgall bile. Oxgall being a mixture of glycocholate and taurocholate, we noticed that the BSH activity obtained in this study are higher than those of Liong and Shah (27) whose strains exhibited BSH activities between 1.06 ± 0.18 and 1, 93 ± 0.32 U/mg towards glycocholate and taurocholate mixture. However, these strains show BSH activities lower than those obtained by Jiang et al. (29) , who found that L. plantarum and L. acidophilus strains exhibited BSH activities greater than or equal to 35.6 ± 1.5 U/mg in the presence of different bile salts mixture.BSH activities of all the three L. plantarum strains towards taurodeoxycholate range from 10.47 ± 2.76 to 24.57 ± 6.31 U/mg. These results are in part close to those of Jiang et al. (29) , who showed that several strains of Lactobacillus possessed BSH activity between 12±0.9 and 24.9±1.6 U/mg towards sodium Taurodeoxycholate. However, the same authors also observed with other Lactobacillus strains the BSH activities ranging from 45.3 ± 2.7 to 81.9 ± 5.0 U/mg towards the same substrate. The presence of BSH activity in L. plantarum GGU, L. plantarum GLA51 and L. plantarum GLP56 could suggest that this mechanism is involved in the resistance of those bacteria to bile salts and then to their adaptation to bile-containing environments. Indeed, Begley et al. (24) demonstrated that there is a link between BSH activity and bile tolerance after a comparison between wild type and mutated BSH in Lactobacillus plantarum and Lactobacillus amylovorus.
The genes that code for the BSH enzymes are called bsh genes and their expression may increase after exposure to bile (30) . There exist four bsh genes (bsh1, bsh2, bsh3, bsh4) known to be produced by L. plantarum strains (31, 29) . Then, the absence of the bshA and bshB genes in the three L. plantarum used in this work can be due to the fact that those genes are the major bsh genes of L. acidophilus strains (32) . The amplification of the bsh1gene has been observed only in the genome of L. plantarum GLA51 suggesting the presence of this gene. This result could explain the highest BSH activity towards bile salts (Oxgall and Taurodeoxycholate) present in L. plantarum GLA51 compared to the two others L. plantarum strains. Indeed, Lambert et al.(31) demonstrated that after the over-expression and deletion of one or more bsh genes, the bsh1 gene was responsible for the majority of BSH activity in L. plantarum strains. The absence of the bsh1 gene in L. plantarum GGU and L. plantarum GLP56 would be explained by the fact that the presence of this gene depends on the strain (31) . Despite the absence of the bsh1 gene, BSH activity is observed in L. plantarum GGU and L. plantarum GLP56. This BSH activity could be explained by a probable presence of the bsh2, bsh3 and bsh4 genes in the genome of these two bacteria. Our hypothesis can be supported by the work of Lambert et al.(31) who demonstrated that these three genes (bsh2, bsh3 and bsh4) are highly conserved among L. plantarum strains. Also, the resistance of L. plantarum GGU, L. plantarum GLA51 and L. plantarum GLP56 to bile salts could be probably due to the presence of the ATPase F0F1 pump in their membrane. Indeed, in our previous studies, we amplified the clpL gene encoding for the ATPase F0F1 pump in the genome of these three L. plantarum strains (article in progress).
Another functional criterion for selection of probiotic strains is the antimicrobial properties (1). Then probiotics should inhibit the growth of pathogenic microorganisms. This inhibition by Lactobacillus probiotics is made possible by the production of metabolites such as hydrogen peroxide (33) , organic acids (acetic, formic, caproic, propionic, butyric, valeric, phenyllactic and 4-hydroxyl-phenyl-lactic acids) (7), carbon dioxide, reuterin or even bacteriocins (34, 8 
CONCLUSION
We demonstrated that L. plantarum strains GGU, GLA51 and GLP56 are resistant to bile salts and possess bile salt hydrolase activities. However, only strains L. plantarum GLA51 possess the bsh1 gene specific to L. plantarum species. The sequence of this gene was deposited in the Genbank under the accession number MF098542. Each of the strains L. plantarum GGU, L. plantarum GLA51 and L. plantarum GLP56 showed inhibitory activity against pathogenic bacteria.These activities of the three Lactobacillus plantarum strains are considered as probiotic characteristics, which could be beneficial on health.
